Reported on is a photofragmentation two-photon laser-induced fluorescence (PF/TP-LIF) sensor with a demonstrated capability for making simultaneous measurements of NO/NOx/N02. This instrumental technique is based on the direct spectroscopic detection of NO via the TP-LIF methodology. The measurement of NOx (NO + NO2), and subsequently NO2, is accomplished by the photofragmentation of NO2 at 353 nm via a XeF excimer laser. The resultant NO photofragment is then quantitatively detected using the TP-LIF technique. The laser photolysis efficiency for NO2 is typically 60% for NO2 photolysis cell residence times of less than 0.5 s. The limit of detection (S/N = 2) for the described PF/TP-LIF instrument is 3.5 pptv for NO (2 min integration time) and 10 pptv for NO2 (6 min integration time). An assessment of chemical interferences in this system revealed no significant problems. The extension of the PF/TP-LIF methodology to the simultaneous detection of multiple NxOy species is discussed.
INTRODUCTION
Because of the pivotal role that reactive odd nitrogen plays in the photochemistry of the natural troposphere [Crutzen, 1973 [Crutzen, , 1979 . Based on the success of these NO instrument intercomparison tests, a new initiative was implemented, GTE/CITE 2, that involved testing and evaluating several new NOx/NO2 sensors [Hoell et al., 1984; McNeal et al., 1983; Beck et al., 1987] . Three of these sensors used independent measurements of NOx and NO to derive values for NO 2 (i.e., NOx -NO = NO2), whereas the fourth method was capable of direct spectroscopic detection of NO2. The approach taken in the first three measurement systems involved the conversion of NO2 to NO followed by independent measurements of (converted plus ambient) NO plus (ambient) NO. The three methods of conversion and detection consisted of (1) the use of a spectrally broadband continuous wave (CW) arc lamp to photolyze NO 2 with simultaneous dual-channel detection of NO• and ambient NO via NO/O3 chemiluminescence [Ridley et al., 1988] the necessary unit conversion terms. The value of C for this system is calculated to be 11 +_ 3, the specified uncertainty mainly reflecting the uncertainty in the value of ace. 
Calibration System
The calibration system was essentially the same as that described previously . However, for the PF/TP-LIF system, a second near-identical three-stage serial dilution system was added to make possible reliable independent NO and NO2 calibrations. The primary standard for NO2 consisted of an NO2/N2 mixture in an aluminum cylinder. At the several tens of ppmv level these mixtures have exhibited stability for time periods in excess of 5 years as determined by near-UV absorption at the wavelengths 405 nm, 365 nm, and 312 nm using the published absorption cross section for NO2 published by DeMore et al. [1987] . Based on UV absorption measurements, we determined the NO2 concentration level of our field-deployed primary standard to be 44 +_ 3 ppmv, in good agreement with the certified value provided by the vendor of 46 _+ 3 ppmv. The working standards employed during our CITE 2 consisted of nominally 50-ppmv NO2 in air, again housed in aluminum cylinders. Air was chosen as a diluent gas for these high-pressure gas standards to reduce the concomitant NO level. For example, we have found that the NO level can In addition to the normalization for changes in the photolysis efficiency, several other small corrections were made to the raw signal count in arriving at a final value for the ambient level of NO 2. The first of these involved a photon counter pileup correction. For NOx concentrations less than 100 pptv, this was typically less than 10%. The raw signal count rate was also normalized for changes in the TP-LIF system performance (e.g., drift in 226-nm or 1.1-/x laser energy or wavelength). This was accomplished via comparison of signal strengths from a continuously monitored reference cell containing a known concentration of NO, as previously described by Bradshaw et al. [1985] . The latter normalization was nominally less than 15%. A final correction to the raw signal involved the laser-induced background noise associated with the 226-nm UV excitation wavelength. This noise was periodically checked by blocking the 1.1-t• IR probe laser and/or by spectrally tuning the probe lasers off resonance with an NO transition. The magnitude of this noise component was typically less than 1 photon/min and therefore usually neglible.
Precision and Accuracy
As described in our previous paper, the TP-LIF NO detection methodology is basically signal limited for integration times of <5 min. The precision of these measurements essentially follows that predicted by simple photon statistics of the observed number of total counts, N, for a given integration period (i.e., rr = X/N). The situation is somewhat more complicated for extraction of NO2 mixing ratios from the measurement of NO• as given in (8). In this case the statistical uncertainty in the independent NO measurement can greatly influence the overall uncertainty associated with extracting NO2 concentration levels from NOx measure- 
